Objective: Fine needle aspiration biopsy provides one of the most important data that determines the treatment algorithm of thyroid nodules. Nevertheless, the reliability of fine needle aspiration biopsy is controversial in large nodules. The aim of this study was to evaluate the adequacy of fine needle aspiration biopsy in thyroid nodules that are four cm or greater.
INTRODUCTION
Fine needle aspiration biopsy (FNAB) is a cost-efficient method that should be primarily preferred and gives the most accurate results in suspicious thyroid nodules detected by ultrasound (1) . With the use of fine needle aspiration biopsy, the diagnosis of thyroid cancer can be made with a high sensitivity and specificity, and its routine use prevents many unnecessary surgical operations (2) (3) (4) . Although FNAB is the gold standard test, it does have some limitations (5, 6) . Its reliability in thyroid nodules larger than 4 cm in size is still controversial. Diagnostic lobectomy/thyroidectomy has been recommended because of a high rate of false negativity of FNAB in large thyroid nodules in some studies, while many studies have reported that FNAB can be used with reliability in large nodules as well (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) . In addition, there are publications showing that the prevalence of thyroid cancer increases as the nodule diameter increases (7, 9, 10) . In this study, we aimed to determine the reliability of FNAB in thyroid nodules larger than 4 cm in size.
MATERIAL AND METHODS
The data of 1563 patients who underwent thyroidectomy between May 1, 2007 and December 31, 2012 were examined retrospectively. The data of 219 patients who had a thyroid nodule larger than 4 cm in size according to pathology reports were examined. The demographic properties of the patients, preoperative TSH levels, history of drug use, preoperative FNAB results, numbers of nodule and definite pathology results were examined. 74 patients whose THS levels were below the normal limit or who had a history of antithyroid drug usage were excluded from the study. In addition, 18 patients who did not undergo FNAB before surgery were also excluded from the study. A total of 127 patients were included in the study.
In our clinic, thyroidectomy is performed in all patients with a thyroid nodule larger than 4 cm in size. Therefore, our sample represents all patients who have a thyroid nodule larger than 4 cm in size. The results of FNAB performed preoperatively were grouped as: benign, follicular lesion, follicular neoplasia, suspicious in terms of papillary cancer, malignant and insufficient for diagnosis. The results of histopathologic examination were grouped as: nodular goiter, follicular adenoma and malignant. The preoperative FNAB results and postoperative histopathologic examination results were compared. FNABs obtained from the nodules other than large nodules were not included in the study. The false negativity, sensitivity and specificity rates for FNAB were evaluated. The malignancies found in the nodules other than the ones with a size larger than 4 cm were not included in the calculations of false negativity, sen-This study was presented at the 6 th National Endocrine Surgery Congress, 23-25 April 2013, Antalya, Turkey. and specificity, because they were beyond the scope of this study; these malignancies were specified separately.
This research was conducted according to the principles of the World Medical Association Declaration of Helsinki "Ethical Principles for Medical Research Involving Human Subjects".
Statistical Analysis
The data were recorded in the software prepared with Microsoft Excel v: 12.0 (Microsoft Corporation, Santa Rosa, CA, USA) and the mean and percentage values were calculated. No additional statistic methods was used.
RESULTS
The mean age of the 127 patients included in the study was 47.8 years (18-75 years). 89 (70.1%) of the patients were female and 38 (29.9%) were male. The mean nodule diameter was found to be 49.0 mm, the smallest and largest nodule size was 40 mm and 90 mm, respectively. 28 (22.0%) of the patients had a solitary thyroid nodule while 99 (77.9%) had multiple thyroid nodules. Cytologic evaluation of the patients who underwent fine needle aspiration biopsy revealed benign cytology in 82 patients, suspicious cytology in terms of papillary thyroid cancer in 12 patients, cytology compatible with follicular lesion/neoplasia in 8 patients, malignant cytology in 3 patients, and insufficient cytology for a diagnosis in 22 patients. When only those nodules larger than 4 cm in size were included in postoperative histopathologic evaluation, nodular goiter was detected in 95 patients, follicular adenoma in 10 patients, papillary cancer in 14 patients and follicular cancer in 8 patients. A papillary cancer focus was found in 6 of 95 patients whose nodules larger than 4 cm in size was found to be benign. Thus, thyroid cancer was detected in 28 (22.0%) out of a total of 127 patients, whereas thyroid cancer was found in 22 patients (17.3%) when only those nodules larger than 4 cm in size were considered.
When the histopathologic results of 82 patients whose fine needle aspiration biopsy was found to be benign were examined, it was observed that 74 patients had nodular goiter, 3 patients had follicular thyroid cancer, and 5 patients had papillary thyroid cancer. Definite histopathologic examination of 8 patients whose fine needle aspiration cytology was compatible with follicular lesion/neoplasia revealed follicular adenoma in 6 patients and follicular thyroid cancer in 2 patients. When the histopathologic results of 12 patients whose preoperative cytologic examination was considered to be suspicious in terms of papillary cancer were examined, benign nodule was found in 7 patients, follicular thyroid cancer was found in 1 patient and papillary thyroid cancer was found in 4 patients (Table 1) . Thus, the malignancy rate was found to be 41.6% in patients with suspicious cytology. Papillary thyroid cancer was found on histopathologic examination in all three patients whose preoperative FNAB was considered to be malign. On histopathologic examination of 21 patients whose preoperative FNAB was insufficient for making a diagnosis, nodular goiter was detected in 15 patients, follicular adenoma in 3 patients, follicular cancer in 2 patients and papillary cancer in 1 patient. When these results were evaluated, fine needle biopsy in thyroid nodules larger than 4 cm in size was found to have a false negativity rate of 9.7%, a specificity rate of 85.0% and a sensitivity rate of 55.5%.
DISCUSSION
Fine needle aspiration biopsy (FNAB) is a cost-efficient method that should be primarily preferred and gives the most accurate results in suspicious thyroid nodules detected by ultrasound (1) . FNAB has been shown to be feasible in the assessment of thyroid nodules with a sensitivity of 65-98%, a specificity of 72-100%, and a false negativity rate below 5% (2) . Many unnecessary thyroidectomies can be prevented with the routine use of FNAB. Several factors including sampling error, fixation method, presence of non-homogenous nodule and the effect of the interpreter cyto-pathologist affect the success of FNAB (3) (4) (5) . In addition, the adequacy of fine needle aspiration biopsy in the assessment of thyroid nodules larger than 4 cm in size is still controversial.
High false negativity rates lead to treatment delay and poor prognosis. In this study, we found that FNAB had a false negativity rate of 9.7%, a sensitivity of 55.5% and a specificity of 85% in thyroid nodules larger than 4 cm in size. Yeh et al. (16) reported the delay in treatment in thyroid cancers that could not be detected by FNAB as 28.2 months, and vascular invasion and capsule invasion were found at a higher rate in these patients. Thus, the error rate of FNAB is regarded as a factor affecting prognosis. In the literature, some publications have reported the false negativity rate of FNAB to be as low as 0.7% in large thyroid nodules while several other studies have reported this rate to be 17% ( Table 2) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) .
In a leading study in this area, Meko et al. (6) reported that the rate of false negativity was 0% in solid nodules smaller than 3 cm while it was 17% in nodules larger than 3 cm. They found that the false negativity rate increased to 30% if nodules larger than 3 cm had both cystic and solid components. Based on these results, they recommended routine lobectomy for all large nodules. Mac Coy et al. (7) found the prevalence of cancer to be 19.3% in thyroid nodules larger than 4 cm and the false negativity rate of FNAB to be 13% in a study including 223 patients, and recommended diagnostic lobectomy for nodules larger than 4 cm. These results are compatible with our data. In contrast, some studies have reported that FNAB can be used with a success rate of 0.7-6.2% in large thyroid nodules. In these studies, it has been stated that FNAB can be reliably applied in large thyroid nodules as well, and that nodule size alone should not be an indication for lobectomy/thyroidectomy (8, 10, 11). In the study conducted by Porterfield et al. (8) , which has the best results in the literature, the false negativity rate of FNAB was reported to be 0.7% in 696 patients who had nodules larger than 3 cm in size. However, surgery was performed and definite histopathologic result could be obtained in only 145 of these patients. 550 of the remaining 551 were considered benign based on clinical follow-up. Definite histopathology was evaluated only in 20% of the patients and the false negativity rate of FNAB was found to be 0.7%. Yoon et al. (11) reported the false negativity rate of FNAB to be 2% in nodules larger than 3 cm in size. In this study, surgery was performed only in 206 of 661 patients and all other patients were considered as benign as a result of clinical follow-up. Absence of definite histopathologic results in the majority of patients is a significant limiting factor in these two studies which showed that FNAB could be applied with success in large thyroid nodules. One of the difficulties encountered while calculating false negativity rates is the absence of a definite histopathologic diagnosis in many cases because of lack of surgery in patients with benign cytology. This affects false negativity rates. In our series in which we reported the false negativity rate to be 9.7%, histopathologic results were present in all patients. Kuru et al. (10) presented one of the most successful series in the literature with a high rate of histopathologic confirmation. They found the false negativity rate of FNAB to be 1.3% for thyroid nodules smaller than 4 cm in size and 4.3% for thyroid nodules larger than 4 cm in size. In their series, a definite histopathologic diagnosis was present in 86% of the subjects. However, all current series do not report such levels of success rates. Similar to our series, Wharry et al. (15) found the false negativity rate to be 10.4% in nodules larger than 4 cm in size in their series which consisted of 361 patients. In a current study from our country, Agcaoglu et al. (14) found the false negativity rate to be 11% in large thyroid nodules.
One of the mainstays of the authors who recommend routine lobectomy/thyroidectomy in large thyroid nodules is the increased possibility of malignancy in addition to the high false positivity rate of FNAB (7) . The rate of cancer in large thyroid nodules has been reported to be 7.2-35% (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) . In our series, the rate of thyroid cancer was 17.3% when only nodules larger than 4 cm in size were considered. As the diameter of the thyroid nodule increases, the prevalence of cancer increases (7, 9, 10) .
When the nodule is non-homogenous and contains cystic and solid components, the diagnostic sufficiency of FNAB decreases (6, 17) . Sampling only the cystic content decreases the chance of success especially in nodules with cystic and solid components. In other words, the success rate is higher when FNAB is performed under ultrasound guidance (12, 17, 18) . In our series, the fact that biopsy of palpable lesions was performed without ultrasound guidance might be one of the reasons which increased the false negativity rate. Agcaoglu et al. (14) found that lack of accompaniment of a cytopathologist in the FNAB procedure increased the false negativity rate. In our study, cytopathologists did not accompany in any FNAB procedure. This may be another factor which increased the false negativity rate.
CONCLUSION
The data in the literature related to the reliability of FNAB in nodules larger than 4 cm in size are controversial. The limitations of FNAB should be taken into consideration when making treatment decisions in nodules larger than 4 cm in size.
Well-planned prospective studies including factors such as technical causes, presence of non-homogeneous nodules, and cytopathologist effect are needed in this area. Financial Disclosure: The authors declared that this study has received no financial support. 
